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(54) - Apparatus for establishing branch welis from a parent well

(57) A method and apparatus for creating muttiple
branch wells from a parent well is disclosed. According
to a first embodiment of the invention a muitiple branch-
ing sub is provided for placemnent at a branching node
of a well. Such sub inchudes a branching chamber (32)
and a phunlity of branching outiat mombers (34-38). The
outiol members, during construction of the branching
sy, have proviously boon distorted bnto oblong shapes
o0 that afl of the branching outlet members fit within an
imaginary cyfincier which is coaxiel with and substantial-
Iy \he same radius as the branching chamber. According
to one smbodiment, the distoried outlel members are
characterized by an outer convex shape. In another em-
bodiment, the distorted outlet maembaers are charactor-
ized by an outer concave shape when in & ratracted
siate. After deployment of the branching sub via a parent
casing inthe well, a forming tool la lowarod to the interior
of the sub. The outiel members are axtanded outwardly
by the forming tool and simuitaneously fosmed into sub-
stantially round tubes. Next, each outlet member Is
pluggoed whh coment, aftor which oach branch woll is
drifled through a respeciive oullst member. If desired,
each branch may be lnod with casing and sealedlo 8
branching outiet by means of a casing hanger. A mani-
loid ptaced in ths hranching chamber controls the pro-
duction of each branch well 10 ths pasent well. According
o a sscond ombodimont of the invention, a prassure
resistant branching sub is provided which may be in-
stalled in saries with a casing string, and the associatled
equipment used for the Insiallation operation and inter-
vontion of a well. The branching sub includes a main
pipa and a tateral outlel.
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Doscription

This invention relates generally to the field of wolls,
panicularly to the fleid of establishing branch wells from
a parent hydrocarban well. More panicularly the inven-
tion relates to establishing multiple branch wells from a
¢ommon depth point, called a node, deap inthe wall,

BACKGROUND OF THE INVENTION

Muitipla wells havae been drillad trom a common k-
cation, particutarly while drilling from an offshore plat-
form whare multiple weils must be drilled to cover the
great expensas of alishore drilling. As {lustrated in Fig-
ures 1A and 1B, such wells are drilled through a com-
mon conductor pips, and sach well inchudes surface
casing liners, inermaxtiate casing and parent casing as
s woll known in tha field of oftshora drilling of hydrocar-
bon wells. U.S. Pslent 5,458,199 describes apparatus
and methods for crilling multiple walls from a common
weffbora at or near the surface of the earth. U.S. Patent
4,573,541 descrbes a downhole take-off assombly for
a parert well which includes mutiple take-off tubos
which communicats with branched wels from a com-
mon point. .

Branch welds are also known in the an ol well drilting
which branch trom muttipte polnts in the parent well as
illustrated in Figure 2. Branch wells are created fromthe
parent well, bus necessarily the paront well extonds be-
low the branching point of the primary wall. As a resull,
the branching well is typically of a smaller diamoter than
that of tha prinxary wel which extends below the branch-
Ing point. Furthormore, difficult sealing problems have
faced the art for astablishing communication between
the branch well and the primary wes.

For example, U.5. Patert 5,388,648 doscribes
moathods relating to well juncture sealing with various
8018 of embockmnents to accomplish euch sealing. The
disciosure of the ‘648 patont proposes solutions to sev-
eral gorlous seakng problsms which are encountersd
whon establishing branches in a well. Such sealing
problama relms to the requirement of ensuring tha con-
nectivity of the Sranch casing finer with the parent casing
and lo maintaining ydraulic lsolation of the juncure un-
det differantial pressure. ’

A fundamental problemn exisls in establishing
branch wells af a dapth in a primary well in that appam-
tua for establghing such branch welts must be fun on
parent casing which must fit within intenmediata casing
of the wsll. Accordingly, any such apparatus for estab-
lishing branch wells must have an outar diameter which
is essentially no groater than that of the parent casing.
Furthermore. & is desirable that when branch wells aro

established, they have as large a diameter as possible.
St further, # is dasirable that such branch wells be Bned
with casing which may bo sstabished and sealod with
the branching equipment with conventional casing
hangers.

An important object of this invention is 1o prowide an
apparatus end method by which muttipie branches con-
nect to a primary well at & single deplh In he woll whero
the branch wells are controlled and sealod with raspect
1o the primary well with conventional liner-to-casing con-
nections.

Ancther important object of this invention is 10 pro-
vide a muftiple outlet branching sub having an outer di-
ametar such that it may be run in a well 1o a deployment
location via primary casing.

Ancther cbject of this invention is 1o provida a mul-
tiple outlet branching sub in which multipls outhets aro
tabricated in a retracted state and ars expanded whilo
downhoie at a branching deployment location %0 pro-
duce maximum branch welt diametsrs rounded to pro-
vida conventional finerto-casing connections.

Ancther cbject of this Ivantion is to provide appa-
ratus for downhole expansion of retracted outlat mem-
bers in order to direct sach oullet into an arcuate path
outwardly from the axis of the primery woll and ¥ oXx-
pand the outlets into an essentially round shape such
that after a branch well is drilod through an cutiet, con-
vontional liner-to~casing conneclions can be made o
such outlet members.

SUMMARY OF THE INVENTION

Thesa objocts and othar advantages and faaturas
are provided In a method and apparatus for sstablishing
multiple branch wells from a parent wek A muttiple
branching sub ls provided for depioyment in a boreholo
by msans ol a parant casing through a parent well. The
branching sub includas a branching chamber which has
an open firsl end of cylindrical shape. The branching
chamber has a second end to which branching outlet

bars are cted, The first end Is connected to
the parent well casing in a conventional mannes, such
as by threading, for deploymeant {o a branching location
in the parent wolt.

Multiple branching outiet members, sach of which
is mitegrally connected to the second end o the branch-
ing chamber, provide fluid communicaton with the
branching chamber. Each of the outlet members is pre-
fabricalod such that such membors are in a retracted
posiion for insestion of tha sub into and down through
the paront well io a deployment location desp in The well.
Each of the multiple outiels i subsiantially iotally within
an imaginary cylinder which is coeodal with and of sub>-
stantlally the same radius as the first and of the branch-
ing chamber. The pretabrication of the cutist mombora
causas aach outlat member Lo be transtormed in cross-
sactional shape from a round or cireutar shape W an ob-
long or other suitable shape such that is outee profile
fits within the imaginary cylinder. The cuter pechile of
each outlet member cocparstes with the outer profiles
of other outiot membars 10 subsiantially fil the erea of

a cross-saction of the imaginary cylinder. As a result, a8’

substantially greates cross-sectional area of the muitiple
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outlet membars is achieved within a cross-section of the
imaginary cyfindar as compared with a corfesponding
number of tubular multiple outlet mombers of circutar
crogg-section.

The muftipie cutlet members are constructed of a
materal which may be plastically deformed by cold
forming. A forming ool is usad, after tha mulliple branch-
ing sub is doployed in the parent well, 1o expand at least
one of tha multiplo branching outlet members outwardly
from the conneciion to the branching chambor. Prefar-
ably all of the cullet mambers are axpanded simultane-
cusly. Simuttensously with the outward expansion, the
multiple outists are expanded Into a substantially circu-
lar radial cross-sectional shaps along their axial extont.

Alter the multiple outist mambers which branch
from the branching chamber are sxpanded, sach of the
muttiple branching outiets are phugged. Next, a borshole
is drillad through a selectod one of the multiple branch-
ing outlets. A subatantially round finer i provided
through the salected Branching outiet and in® the
beanch well. The ner of circular cross-section is sealod
to the selected branching outlet circutar cross-section
by means of a conventional casing hanper. A borehole
and [iner is establshed for a plurality of the muitiple
branching outlets, A downhole manifoid is installed in
the branching chamber. Next multiple branch weils are
completed. The production of each branch wall to the
paront well is controlied with the maniicid.

The apparatus for expanding an outlet of the mufli-
ple branching sub includes an uphole power and control
unit and a downhole operational unit. An electrical wire-
line connects the uphcle power and control unit and the
downhole operational unk. The wirohne provides a
physical connaction for lowering the downhole ope:a-
tional unit to the branching sub and provides an slecir-
cal path for transmission of pawer and bidirsctional con~
trol and status signals.

The downhole operational unit includes a forming
mechanism asmnged and designod for Insortion in &t
laast ona ratracted branching outiet momber of the sub
{and preferably Into all of the outlel members at the
same time) and for expanding the outlet member out-
wardly lrom Rs imaginary cylinder at deployment. Pref-
srably sach outlet mamber is expended cutwardly and
expanced to a circutar radial cross-section simultane-
ously. The downhols operational unit Includes Iatching
and orerdation machaniams which cocperate with cor-
responding mechanisme of the sub. Such cooperating
mechanisms allow ths forming moechanism to be radlally
oriented within tha muttiple branching sub so that i s
aligned with a solocted outlet of the sub and prefsrably
with all of the outlets of the sub. The downhole opera-
tional unlt inctudes a hydraulic pump and a head having
hydraulic fuld lines connected to the hydrutic pump,
The forming mechanism includes a hydmulically pow-
erod forrning pad. A el pic ink batwean each formn-
ing pad and head provides prossurized hydrautic fiuid
to the forming pad's as they move downwardly whila ex-
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panding the outiet members.

According to & second, akemative embodiment of
the Invention , a branching sub is provided which allows
muyltipta branches fiom a parent casing without the need
for ssaling joints and which allows the use of conven-
tional well controliad linor packers and casing joints. The
geometry of the housing of the branching sub allows the
housing to achieve maximum pressure rating consider-
Ing the size of the branch cutist with regard to the size
of the parent casing.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, advantages and features of the inven-
tion will become more apparent by reforence 1o the
drawings which are appended heretlo and wherein an
Blustrative embodiment of the invention e shown, of
which:

Figuras 1A and 1B Rsirate a prior ar triple tner
packad in 8 conductor casing terminstion in which
the outlet members are round during installation
and are packed to fit within the conductor casing;
Figure 2 lilustrates a prior ast parent or vertical well
and lataral branch wolls which exdend therstrom;
Figures 3A, 38, anc 3C ilusirale a three outiel
branching sub according to a first ombodiment of
the invention whera Figuro 3A ia a radial cross-eac-
tion through the branching outlets of the sub, with
ons cullel completely in a retractod position, with
another outlet in & position between its retracted po-
shion and its fully sxpanded position, and the third
outlet being in a fully expanded position, and whorn
Figure 38 is a radial cross-saction through e
branching outiets of the sub with sach of the cutiets
fully expanded afier deployment in a parent woll,
and Figure 3C Is an axial cross-soction ¢of the
branching sub showing two of the branching outlets
fully axpandedto a round shape in whichcasinghas
boon run Into a branch wall and ssaled with respect
to the branching outle:s by means of conventional
linar hanging packers.

Figure 4 is a parspective view of a thres symmetri-
cal outlet brarching suo of a first smbodiment of the
Invention with the outiet branches expandod.
Figures SA, 58, 5C, and 5D ilustrete configurations
of the first ambodimont of the invention with asym-
maetrical branching outiots with at least ons outlet
having larges intemal dimensions than the other
two, with Figurs 5A being a radial cross-section
through the branching outieta alonp ne 5A-5A In a
retracted position, with Figure 58 being an axdal
croas-gaction through the lines 5B-58 of Figure 5A,
with Figure 5C being a mdial cross-section along
finas 5C-5C of Figurs SD with the branching outiots

in an expanded positon, and with Figure 50 being .

an axial croea-saction along ines 50-50 of Figure
5C with the branching outlets in an expanded posi-
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tion;

Figures €A-6E #ustrate radial cross-sections of
saveral examphes of branching outlet configurations
of tha branching sub according to the first embodi-
maent of the invention, with all outlet branches fully
expanded from their retracted state during deploy-
ment in A paren well, with Figura 6A illustraling two
equal diameter cutlet branches, Figure 6B iRustrat-
ing thraa equal diamaier outiet branches, Figure
6C, like Figure SC, flusiraling three oullel branches
with one branch charactarized by a larger diameter
than the other two, with Figure 6D iRustrating four
equal diametar outlet branchea, and with Figure 6E
WMustrating five cutlet branchea with the center
branch being of amaller diamelsr than the other
four,

Figures 7A-7E Rustrate siages of expanding the
outlot members of an expandabile branching sub ac-
cording 1o the ivention, with Figure 7A ustrating
.an axial eross-cection of the sub showing multiple
branching outiats with one such outiot in a retracted
position and the other such outlet being oxpandod
starting with its connection to the branching head
end continuing expansion downwardly toward the
lowst opaning of the branching outlets, with Figure
78 Justrating a radial cross-sactlon at axtal position
B of Figure 7A and assuming that each of three
symmelrical banching outlats ara being expanded
simultaneously, and with Figures 7C through 7E
showing various stagos of expansion as a function
ol axial distance along the branching cutlets;
Figures 8A and 88 (llusirats respectively in axial
cross-saction and a radial cross-section along ines
88-88, latching and orientation profiles of a branch-
ing chamber of the branching sub, and Figure BA
further [Bustratss an extension leg end supporting
shoe for deployment in a parert well and for provid-
Ing atability 1o the branching sub while expanding
the branching outlets from their rotracted poaition;
Figure 9 schematically lltustrates uphole and down-
hole apparatus for expanding the branching outlets
of the branching sub;

Figurs 10 iikusirates steps of tha procass of expand-
Ing and lorming ths branching outiets with a pres-
suro forming pad of the apparatus of Figurs 9;
Figures 11A-11H ilusirate sieps of an instaliation
saquence for a nodal branching sub and for creating
branch wells from a parent welf,

Figure 12 Nlustratas a branching sub depioysd ina
parent woll and turther [ltustrates branch well Enera
hung from branching outlsts and still further illus-
imates production apparatus deployed in the branch-
Ing sub for cortroliing production from branch wols
Into the paront welt;

Figures 13A and 138 gaometrically llustrats the in-
craase in branch well size achievabis for this inven-
tion as comparad with prior art conventional axial
“branch wells {rom liners packed at the end of parent
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casing;

Figures 14A-14D are illustrative sketches of nodal
branching according 1o the invention where Figure
14A illustrates ssteblishing a node in a parert well
and establishing branch weils at a common depth
point in the parent wel, all of which communicate
with 8 parent wall at the nade of tha parant walk with
Figuwo 148 Slustrating an sxpanded branching sub
which has had iis branching outlots expanded be-
yond the diameter of the parenl casing and formed
10 be substantially round; with Figure 14C llustrat-
ing using a primary node and secondary nodes to
produce hydrocarbons from a single strata; and with
Figaws 14D llustrating using an expandad branch-
ng sub from a primary node to reach muttiple sub-
teranecan targets;

Figawe 15A Wustrates & two outlet vension of a
branching sub according 1o the first embodiment of
he invention, with Figures 15B, 158, 15C, and 15D
Hustrating cross-soctional profiles of such two out-
lel version of a branching sub with an altemative
postforming tool at various depth locations in the
outlet members;

Figura 16 Hiustreles a two anm aflemalive version
of a post-forrming ook,

Figures 17A-17D illustrate the operation of such al
temative post-forming tool;

Figurea 18A - 18E illustrale a branching sub accord-
ing totha first embodiment of the invention with con-
cave deformalion of the branching outlets;
Figures 19A - 19C Rtustrate an altemative actuating
apperatus according to the invention.

Figusrss 20A and 208 flustrate a second embodi-
mant of the lnvention where Figure 20A is an sxte-
or view of a branching sub with a main pipe and a
lateral branching oullet and Figure 208 Is an exdal
saction view of such branching sub;

Figurss 21A and 21B ars axial and radial section
viows of the branching sub of Figures 20A and 208
but in & retracted stats, and Figures 21C and 21D
are axia! and radial section viows of the branching
sub of Figuree 20A and 20B in an sxpanded siate;
Figure 22 Is a graph which shows that the yleld
strength ol the housing material of the branching
sub increases with the rate of deformation during
expansion;

Figura 23 Is a achematic ¥ustration of the branching
sub according 1o a second embodiment of the in-
vention whers lateral or branch holes are created
from the main body of the sub or subs to reach dis-
tinct formations from one main borehole;

Figure 24 illusiratas the uss of a deflecting tool
which may bs insarted within tha main pipe of the
branching sub whereby a drilling 0ol which enters
from the top of the sub may be dirscted into the iat-
oral outiet;

Figure 25 flusirates two branching subs cled
in tandem with the tandem connoction placed in a
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sories of casing links of a casing string; and
Figures 26A and 268 ibustrate a cap which may be
welded across ths branching outlet In order to close
it off for certain welt oparations.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As dascribed above, Figures 1A and 1B ilustrate
the problems with prior an apparaius and methods for
ostablishing branch welts from & parent well, Figures 1A
and 18 show mdial and axial cross-sections ol multipls
outiot Enars 12 hung and sealed from a large diamater
conductor pipe 10. The outiets are round In ordet to fa-
ciiiate uss of conventional Ening hanger packers 14 1o
seal the outlet kners 12 for communication with the con-
ductor pipe 10. Tha amangement of Figures 1A and 18
requires thal multiple round outlots of diameter Do fit
within the diameter Del o the conductor pipe 10. Inmany
casos, espocially where the conductor pipe must be do-
ployed at a depth in the wokk, rather than at the suiface
of the well, Ris notfaasiblo to provide a borehola of sut-
ficiont outer diameter to aliow branch well outlets of suf-
ficient diameter to be nstalted.

The technique of providing branch wetls acconding
to the prioe art arrangement depictad In Figure 2 crealey
branch wolls 22, 24 irom a primary well 20. Special seal-
ing arrangements 26, unike conventional casing hang-
ers, must be provided 1o seal & lined branch well 22, 24
to the primary well 20,

Dascription of Branching Sub According to a First
Embodiment of the lnvention

Figures 3A, 38, and 3C ilustrats a branching sub
50 according %0 the invention, The branching sub in-
cludes a branching chamber 32, (which may be con-
nacted to and carried by parent woll casing (Sea parant
casing 604 of Figurs 12)), and multiplo outiet members,
for exarnpte three outlet members 34, 36, 38 illustrated
in Figures 3A, 3B, and 3C. Figure 3A is a radial croes-
soction view through the branching chamber 32 which
ilustrates one outiet membar 34 in B retracted state, a
sacond outiet mamber 36 In the state ol being expanded
outwardly, and a third outiet membar 38 which has baen
fulty expandod outwardly. (Figure 3A is presantad for i-
lustmiive purposas, becauss acconding 10 the invention
it s preferved to expand and circularize each of the out-
tots simultanecusly.) In the retractad state, cach ovtlel
is daformexd 83 shown particutarty for outiet momber 34,
A round tube is deloamed such that its cross-soctional
intarior area remains essontially the same as that of a
circular or round tube, but its exterior shape is such that
it fits coopermativoly with the deformed shapa of the other
outlet member, all within an imaginary cylindar having
a diameter ossentlatly the same as that of the branching
chambaer 32. In that way the branching chamber 32 anc!
its retracted outlet members have an effective outer di-
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amator which allows il 1o be run in a parent well to a
deployment location while altached 1o a paren! casing.
Outlet member 34 in its rotracted stato is Hlustrated in
an oblong shaps, bt other retracted shapes may also
prove to have advantageous charactoristics. For exam-
pie, a concave contral area of deformation in the outer
side of a retraciad outlet mambar may be advaniageous
o provide a stiler cutlat member. Such deformation is
progressivoly greater and deeper starting from the top
to the bottom of the outle! member.

Figure 3A shows outlet member 55 in a slata of be-
ing expanded in an arcuate path outwardly from the
branching chamber 32 while simullanecusly being
soundad by a downhole forming-expanding 100l that is
dascribed balow. The armrows iabeled F represent forces
baing appied fram the Intorior of the outlet mombor 36
In order to sxpand that outiet member both outwardly in
an arcuate path away from branching chamber 32 and
1o circularize & from Rs rotracted stats (as ls the condi-
tion of outiel member 34) to ita oxpanded or fully do-
ployed stats ilke outiet member 38,

Figure 3B & a radial cross-section as viowed by
linas 38-3B of Figwe 3C through the branching sub 30
at the level of cutiet members 36, 38. Figure 3C illus-
trates convercional casing Eners 42, 44 which have
beon installod wough branching chamber 32 and into
respaciive oufiel rembers 36, 39. Conventional liner
hangingpackes 46, 48 saalcasing lners 42, 44to outlet
members 36, 3. As illustrated in Figuies 38 and 3C, I
the diameter Ds2 of ths branching chamber 32 Is the
same as the dameter De! of the conductor pipe of prior
art Figure 1B, then the outle! diameter D, of Figure 3C
is 1.35times as great a3 the outer diamater Do of Figurs
1B. The finercross-sactional area S, of the sub ol Figure
aC is 1.82 limes a8 greal as the liner cross-goctional
area Soof Figure 1A. When fully sxpanded, the effaciive
diameterof the expandod oullet membare 34, 26, 38 axX-
coods thal of the branching chamber 32,

Experiments have been conductad to prove the fea-
sivlity of manwtacturing branching sub 30 with outiets
in a retracted state. and later operationally expanding
outwardly anc ounding the cutiets.

Experiment Praso 1

Two casing sizas were soloctod: a first one, one me-
tar long was 7 inch ckamatoer casing with a wal thicknoss
of 4.5 me, the second was one meter long and was 7
Inch diameter casing with a wall thickness of B mm. A
hydraulic jack was designed for placement in a casing
for’ axpanding L Each casig was successiully pro-
formed into @ efiptical shape, o.g. lo stmulate the
shape of outlet member 34 In Figure 3A and reformed
into circutar shape while using a circularizing forming
head with the jack. Circularity, Bka that of outlet member
38 of Figure 3A was achioved with plus or minus differ-
enco lrom pertect circutarlty of 2 mm.
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Experimont Phase 2

Two, one meter long, 7 inch diameter, 23 pound
casings wers machined axially at an angle of 2.5 de-
grees. The two casings were joined togother at their ma-
chinad surfaces by alectron beam (EB) welding. The
Joined casings were deformed lo 1t inside an 11 inch
diameter. The welding at the junction of the two casings
and the casings themsaives had no visibla cracks. The
maximum diamotes was 10.7 inches; the minimurn di-
amater waa 10.5 inches.

a} Machinery

Balora milling sach casing at an angle of 2.5 de-
grees, & ep was temporarily welded at s end 1o
avold posshbile deformation during machining Next
each casing was machined roughly and then finishad 1o
assure that each machined surface was coplanar with
the other. The spacer weidad &t the end of the casing

was machined et the same time.

b) Welding

The two machined casings were assemblad togath-
or with a Jig, pressad together and carefully positionad
tomaintain afignment of the machined surfaces. The as-
sembly was then fixed by several fungsien inedt gas
(TIG) spot wekis and the jig was removed. In an EB
wakilng chamber, tha two machined casings were spot
walded altemastely on both sides 1o avoid possible de-
formation which could open a gap batween the two
suriaces . Next, about 500 mm weoro EB weldad on one
side; the combination was tumed over and EB weldad
on the other side. Finally tha bottomn of the combination
was EB weided and tumed over agaln fo complets the
wekiing. The result was satistactory; the wekd fllal was
continuous without any toss of material, As a resull, the
two machinad surtacas of the casings wore jcined with

no gap.
¢) Deformation

Deformation was done with a special jig of two por-
tions of hall cylinders pushed apainst sach other by a
jack with a force of 30 metri; tone (68,000 pounds). Tha
ha¥f cylindars had an inside diameter which was sBghtly
smaller than 11 inches. » ccondingly, the final diamater
of the deformed assembly was less than 11 inches when
the junction was deformed. Piers wore placod inside the
Junction to aid deformation of the outlat where it is criti-
cat: atthe end of the tube where the delormation is max-
imal.

A targe wadge with & 5 degreo angle was installed
bolwoon the two outists to faciltate faflening thom
when doforming. The deformation started at the outiets.
Force was apptied on tho pliere and simuRaneousty on
the jack. A lorce of abowt ona ton was continuously ap-

plied to the pliers; the outside jig was moved down in
steps of 125 mm; at sach step a lorce of 13 metric tons
{33,000 pounds) was applied. The cperzion was ro-
peated with a force of 20 metric 1ons (44,000 pounds),
and the end ol the outters slarted toflatten o the wedge.
The process was comploted at a force of 3] metsic 1ons
{66,000 pounds). Tha resulting deformec arxiuet was
satislactory.

It is prefemmed to modily the shape o tha piers in
such a way thal the pliers defom the outiel with a
smooth angla and to wold the wedge aftardeformation,
rather than bafore, and to weld &t by usizg two large
wedges on each side of it o avoid a ‘nagative™ dafor-
mation of this area.

Experiment Phase 2 was conducted asacond time,
but with a sieel shast metal sliffonor wokisd allong the
EB welda of both sides of the junction of thetwo casings.
The junction was deformed a3 i Experinant Phase 2
to ft within an 11 inch diameter. A jack with & force of
30 motric tons (65,000 pounds) was usad. Pors, as for
the first junction, were nol used. A larps wedge was
vsed for the first junction with & 5 degree angle cut in
two and installed on each sidle of the welded wedge be-
tweon the two outlets 1o facilitate Ratteningof the outiets
when deforming. The deformation startedat the outlets
and.continued toward the junction, This teration was
ropealed with a force of 30 matric tons. Te end of the
oullets started to ftatten on the wadge. Ths portion most
difficult to deform was around the junction 2f the casings
where the outiets are complsie inside hut welded to-
gether, where the waided surface is betwaen the top of
the inside eliipse and the top of the cutste allipse. As
a resuft of this experiment, a higher caparity jack of 50
meatric fons force was provided.

Experiment Phase 3

Afull length prototype with two 7 inchcasings con-
nectad to a 9 58 inch casing was manJactured and
prassure tested. Tosting stopped at 27 bar bacause de-
formation was occufring withoul pressure sariation,

8) Machining

Machining was performaed in the same weay as for
the two provious junctions excopl that the length of the
casings was 1.25 metors instead of 1 metor, and &
groove was machined around the elliptical proiile 10 en-
hance the EB welkiing process. Additionaly. a biind holo
was machined on the ptane of the cut of each casing lo
insiall a pin batween the two casings to provide bettar
positioning. The upper adapler was mactined out of a
solid bar of steel on a numarically controled milling ma-
chine 1o provide a continuous profile batwean the 7 inch
casings, with 8 2.5 degree anglo, and the § 5B inch cas-
Ing. The adapter was machined to accect a phug. The
inner diameter of the lower end of the 7 inch casings
was machined to accept ihe expanding pugs. :
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b} Welding

The twomachined casings wore assemblod togeth-
ar with a jig and prassad together. The assembly was
then fixed together by several spot TIG welds and the
jig was remcved. Inan EB chamber, tha two parts were
£8 spol weided aftemately on both sides to avoid pos-
sible delormation. Then the two casings were EB wold-
ad on ona side; the assembly was tumed over and EB
walded on the other side. The assembled casings were
joined satietactorily. An adapter was thon TIG walded
on the assambled casings as well a3 a wedga In be-
tween the 7 inch casings.

¢} Prossure Tesling

Deformation during pressure testing was measured
using twa linaar potentiometers placed on the EB weld.
The pracsure was increased by steps of 5 bar, and the
value of the potentiomatar was recorded at atmespheric
pressure, at the given pressure, and when retumed lo
almospheric pressie. As aresult of such pressura test-
ing, it was dstermined that the total plastic deformation
of the casings neas their junction was 4.7 mm and out-
wardly of thelr junction was 3.7 mm.

Exporiment Phasa 3 showad that the deformation
at 27 bar was 100 high. Nevartheless, the delonmation
was localized in a small area. The upper adapter and
the large casing weiding act as stiffanars. It was deter-
mined to add a stifener in the plana of welding which
can be “anchored® in the area of low deformation.

Experiment Phase 4

15

the outlets. The detormation on the bottom of the junc-
tion was too high on tha fisst run and reached naarly 10
inches. Al the middie of the junction, the defermation
was about 10.6 inches. Excopt for the bottom end which
was deformned too much with nagative curvature around
the wadge, the remainder of the junction stayed around
10.6 inchos. Tha maximum pressure applied was 670
bar which required a lorce of 48 metric tons, For joining
and dofoming casings of thicker tubas, the jig must be
rebuilt to accept karge defonmning forces.

c) Conclusion

The daelonmation of the piotolype of Experiment
Phase 4 was conciucted easlly with the new jig. The cas-
ings were recpened o the originaf shape,

Figura 4 is a perspociive view of the branching sub
30 of Figures 3A, 38, 3C where the branching sub Is
shown after expansion. Throads 31 are provided et the
1op end of branching chamber 32. Throads 31 eneble
branching sub 30 1o be connected to a parent casing for
daploymont al a suttesranean focation. Outlet membars
34, 36, 38 are shown expanded as they would ook
downhoie at tha ena of a parent well.

Figures SA-5D dlustrate an altemative three outlel
branching sub 301 according to the invantion. Figures
5A and 58 [liustras in radial and axial cross-section
views the sub 301 in its retractad position. Outlet mem-
bers 341, 381 and 331 are Blustrated with cutlet member
351 baing abou! equal 1o tha cambined radial cross-sec-
ticnal area of outie: mambers 341 and 381 combined.
Each of tha outlet members are deformed inwardly from
a round tubuiar shape to the shapes as Blustrated in Fig-
ura 5A whoreby the combined daformed areas of outlt

bors 341, 361 and 381 substantially fill the chreuiar

A ful longth prototype with two 7 inch casings (9
mm thickrtess) connectad to a 9 58 Inch casing was de-
formad to fitinsida a 10.6 inch cyfinder. This deformation
was performed using the eame fig used for Expariment
Phase 3. but with a jack with 50 metric tons capacity
instead of 30 metrc tons,

a) Deformation Jig

The deformation jig was modified to accept a higher
doforming force and the bar which supports the fixed
half shell was reinforced. The Jig was bolted on & {rame
and a crans was included In tha frame to iifi tha junction
and displace R during the deformalion process.

b) Deforming Process

Tha change dl dimension of the joined casing dur-
ing deformation was maasured using a siiding gauge.
Such change of dimension was measured bafore apply-
ing the prassure, under pressuro and after releasing the
pressure. Deforration started et the middle of the junc-
tion whers H Is stiflest and continued toward the ends of
the outlels because the deformation must be larger al

aroa of branching chamber 321. Othar dalomation
shapes may be advarsageous es mentioned above.
Each dolormed shepe of outlat members 341, 361 and
381 of Figure 5A is characterized by {for exampla, of the
outlst membar 341° a circulas outer section 342 and ong
or more connectrg. non<clrcuiar sections 343, 345,
Such non-cireulas sactions 343, 345 are cooperatively
shaped with soction 962 of outis! member 361 and 382
of outlet membor 331 so B8 to maximize the intemal ra-
il cross-sactions areas of outist members 341, 381
and 381. . ’

Figures 5C and 5D Wlustrata the branching sub 301
of Figures SA and 5B efter its outlot membeors have been
fully expanded after daployment in a parent wek, Outat
members 361 and 3681 are ilustrated as having bsen
simultaneousty expanded in a gontly curving path out-
wardly trom the axis of branching chambor 321 and ex-
panded radially to trm cireular tubular shapas fromthe
detormed retracted state of Figures 5A and 58.

Figures 6A-GE show in schematic form the size of
expanded outlel rmembers as compared to that of the
branching chamber. Figura A shows two outiet mem-
bers 241, 242 whih have been oxpanded from a de-
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lormed retracted state. The diameters ol outlet mem-
bers 241 and 242 are substantially greater in an expand-
od state as compared o thelr circular diameters if they
could not be expanded. Figure 68 repeats the case of
Figure 3B. Figure 6C repaals the uneven triple outlet
configuration as shown in Figures SA-5D. Figure 6D §-
lustrates four expandable outlot members from a
branching chamber 422. Each of the outlet members
441, 442, 443, 445 ase of the same diamoter, Figure 6E
Hustrates five outet members, where oullel member
545 is smafler than the other four outlet members 541,
542, 543, 544. Outlet membor 545 may of may not be
dol! d inthe ciod state of the branching sub.

Descripiion of Method for Expanding a Deformed
Retracted Oullet Marmber

Figuras 7A-TE iustrata downhols forming heads
122, 124, 126 oporating al various depths in outiet mem-
bers 38, 34, 36. As shown on the right hand side of Fig-
ure 7A, a generaized forming head 122 ls shown as it
enters a deformed retracted outlet member, lor example
outlet member 38, at location B, Each of the forming
heads 122, 124, 126 has not yet reached an cutlet mom-
ber, but the heads have akready begun 1o sxpand the
outlet wall of branching chamber 32 outwardly as lius-
trated in Figure 7B. The forming heada 122, 124, 126
continue to expand the outlat members outwardly as
shown ai location C. Figure 7C shows the forming heads
122, 124, 126 expanding tha outiet members outwardly
while simultanecusly circularizing them. Forming pads
123, 125, 127 are forcad cutwardly by a piston in sach
of the forming hoads 122, 124, 126, The forming haads
simulianeously bear against centm! wall region 150
which acts as a reaction body 0 a3 to simuttansously
sxpand and lorm the outiet mambers 38, 34, 38 while
batancing reactive forces while expanding. Figures 7D
and 7E illustrate the forming step at jocations D and E
of Figure TA.

Figures 8A and 28 Rlustrate an axialy extending
slot 160 in the branching chamber 32 of branching sub
30. Such siot 160 cooperates with an orienting and
tatching sub of a downhcle lorming tool for radial pool-
tioning of such orienting and latching sub for forming and
sxpanding the multipls outist membaers downhole. A
notch 162 in branching chambaer 32 i used to laich the
downhols forming tool al a predeterminod axial position.

An extension leg 170 projects downwardly from the
central wall region 150 of branching sub 30. A foot 172
ia carriad a1 tha end of extansion leg 170. kn operation,
oot 172 is lowerad to the bottom of the borehola at the
deploymen location, it provides suppart o0 branching
sub 30 during fonming 100l expanding and other opera-
tions. :

w
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Description of Forming Tool
a) Description of Embodiment of Figures 9, 10

Figras 9 and 10 liusirate the foming ool used 1
axgand multiple outlet members, for examplo tutiet
members 34, 36, 38 of Figures 3A, 38, and 3G and~ig-
ures 78, 7C, 70 and 7E. The loming lool includes up-
hols apparatus 100 and downhola apparatus 200. The
uphole apparatus 100inciudes a conventional compatar
102 programmed (o control telametry and powar supply
urd 104 and 1o receive commands from and disply in-
fommation to a human opemtor. An uphole winch unit 106
hax an electrical wireline 110 spooled thereon kor bow-
oring downhole apparatus 200 through a parant well
casing and into the branching chamber 32 of a brasch-
ing sub 30 which s connactad to and carried at theend
of tho pavertt casing.

The downhole appamtus 200 includes a corsen-
tional cable head 202 which provides a sirengih/electri-
cal connection 10 wirefine 110. A talometry, power sup-
plies and controls module 204 ncludas conventiona lo-
lervetry, pawer supply and contral circuits which function
1o communicate with uphole computer 102 via wirdine
118 and to provide powar and control signals to down-
hoe modules. Hydraulic power unit 208 includes a oon-
vertional electrically powered hydraufic pump for aro-
duzing downhole pressurized hydraulic fluid. An orent-
inp and laiching sub 208 inchudes a latching device 210
(schematically Tlustratad) for fiting within notch 12 of
branching chamber 32 of Figure BA and an orfantingds-,
vice 212 (schematicatly liustrated) for cooparatingwith
skt 160 of branching chamber 32. Whan the dowrole
apparsiuss 200 ks lowersd into branching sub 30, ofent-
ingdevice 212 entors the alct 160 and the downhols ap-~
paatus 200 is further lowerad untll the ledching device
210 enters and latches within notch 162

Fixad traveling haad 213 provides hydraulic fluid
communication batween hydraulic power unit 206 and
the traveding forming heads 122, 124, 128, for exaroie.
Teescooic links 180 provide pressurized hydrauke Tud
1o Javeding forming heads 122, 124, 126 a8 the hiads
122, 124, 126 move downwardly within the multiple out-
It mormibers, for axample outlet mermbers 34, 96, 3B of
Figures 78-7E. Montoring heads 182, 184, 186 arepro-
vited 10 determine the mdial distance moved whis -
dilly forrning an outiet membet.

Figurs 10 lustrates traveling forming heads 726,
124, 122 in different stages of lorming an outiat menber
of tranching sub 30. Forming hoad 126 is shown inout-
letmember 38, which by ilustrated by a hoavy line before
rasal forming in the retracted outiet member 36. The
autlet member is shown In light lines 36°, 36, whers the
oudet member is depicied as 36" in an intermedtats
stge of forming and as 36° in ks final formed stage.

“The forming head 124 is shown as it is radially tymn-
ing retsactod outlet mombar 34 (in light (ne) 1o an ntar-
rmediate stage 34". A final slage is ilfustrated as circular-
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ized outlat mombeor 34°. The loming head 124, like the
other two forming haads 126, 122, includes a piston 151
on which forming pad 125 ks mountsd. Plston 151 is
forcad outwardly by hydraufic fluid appiied 1o opening
hydrautic fine 152 and is forced inwardly by hydrautic
fuid applied to closing hydraulic ino 154. A caliper sen-
sor 184 is provided to determine the amount of radial
travel of piston 151 and forming pad 125, for sxample.
Sultable ssals are provided betwaen the pisten 151 and
the forming head 124.

The forming head 122 and torming pad 123 afa B-
lustrated in Figure 10 to indicate that under cenain cir-
cumstances ths shepe of the cutlet member 38 may be
*over sxpanded” to create a siightly oblong shaped out-
lot, such that when radial forming force from forming pad
123 and lorming haad 122 ls removed, the outlol will
spring back into a cicular shape dus 1 residuzl elastic-
Ity of the sieel outial mamber.

AL the lovel of e branching chamber 32, forming
heads 122, 124, 126, balance sach other againsl the
reaction forces while forting the walls of the chambor
outwardly. Accordingly the forming hoads 122, 124, 126
are operated simulanaously, for sxample at level B of
Figwe TA, whila torcing the iower and of tha wall of the
branching chamber 32 owdwarndly. When a forming head
122 onlers an outlet momber 38 for sxamplo, the pad
reaction forces are evenly supported by the contral wall
region 150 of tha branching chamnber 32. Tha tslescopic
links 180 may be rotaled n smaid amount so that the
forming pads 127, 125, 123 can apply pressurs io the
right or left from the norrhal axis andt thereby improve
the roundness or circulasity of the outiet members. Afler
a forning saquence is periormed, for axample at loca-
tion D in Figure 7A, he pressure is released from piston
151, and the telescopic finks 180 lowst the forming
heads 122, for exampla, down by one siep. Then the
prasaure is raisad again fof forming the outiet mombers
and so forth.

The compostion of the matorals of which the
branching sub 3€ is constructad is preferably of an alloy
steot with ausientc structure, such as manganese
stea!, or nickel alioys such as "Monal® and *Inconel” se-
rles. Such materials provide substantial plastic deforma-
tion with cold lonming thereby providing strengthening.

b) Deecription of Aksrmative Embodiment of Figures
15A-150, 18 and 17A-17D

An altemative post-lorming tool is Diusirated in Fig-
utes 15A, 15B, 158, 15C, 150, 16, and 17A17D. The
post-forming tool 1500 ks supported by common down-
hole components of Figura § inchucing a cable head 202,
telomeatry, power supplies and controts modula 204, hy-
draulic power unit 206 and an ordenting and laiching sub
208. Figure 186 illustratos that post-forming tool 1500 in-
cludes a travel actuator 1510. A piston 1512 of travel
actuator 1510 moves from an upper retracted position
as shown in Figura 17A to a lower extended position as

1

shown in Figures 17C and 17D. Figure 17B shows the
piston 1512 in an intenmediate position. Piston 1512
moves 1o intermadiate positions depending on the do-
sirad travel positions of forming heads in the outiet mem-
bers.

Figures 16 and 170 Tustrate a two forming head
embodiment of the post-lorming lool 1500 where two
outlel membars {(e.g., see outiet members 1560 and
1562 of Figures 15A-15D) are ilustrated. Three of more
outlet members may be provided with a ponding
number of forming heads and actuators provided. Links
1514 connect the pision 1512 to actuator cylinders
1516. Accordingly, actuaxr cylinders 1516 are orced
downwandly into outlet members 1560, 1562 as plston
1512 movos downwardly.

"Actuator cylinders 1516 each include a hydraulical-
Iy driven piston 1518 which recelves presaurized hy-
draulic fluid from hydraufic powet unit 206 (Flgure 9) via
travel actuator 1510 and inks 1514, The piston 1518 s
in an upper position as Bustated in Figures 17A and
17C and in a lower positian as illustrated in Figures 17B
and 170.

The actuator cylinders 1516 are pivotally inked via
finks 1524 to forming padh 1520. The pistons 1518 aro
inked via rods 1528 1o expanding rollers 1522 As
shown in Figures 37A and 158', the forming pads 1520
enter an opaning of two retracted outlet members as i
lustraled In Figure 158. The expanding rollers 1522 and
forming pads 1520 are in a retracted position within e«
tracted outiet members 1560, 1562 .

The piston 1512 is stroked downwardly a small
amount o move actuator cylinders 1516 downwardly a
small amount Nexd, pistons 1518 are sirokad down-
wardly causing expanding roflers 1522 to move along
the inclined inlerior ace of forming pada 1520 causing
the pads 1o push outwardly againsi the interior walla of
relracted outlsl mombers 1560, 1562 unill the outiet
members achieves a circular shapo at that lovol. Simul-
tanecusly, the outlst members are forcod outwardly
from the axis of the multicle outiet sub 1550, Next, the
pistons 1518 are stroked upwardly, thereby retuming
the expanding rollers 1522 to the positions &s shown in
Figure 15C. The piston 1512 iy stroked another small
distance downwardly thereby moving the lorming pads
1520 turther down into the outiot members 1560, 1582,
Again, the pistons 1518 ane stroked downwardly to fur-
ther expand the outlet members 1550, 1582 outwardly
and to circularize the ouiets. The process is continued
until the positions of Figures 150 and 17D are reached
which Iltustrate the position of the lomning pads 1520
and actuator cylinders 1516 af the distal end of the mui-
tiple outlet members 1560, 1562

Description of Method for Providing Branch Walls

Figures 11A-11H and Figure 12 doscribe tha proc-
033 for establishing branch wells from a branching sub
30 ina well. The branching sub 30 isillustratod as having
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thrse outlst members 34, 35, 38 {per the sxample of Fig-
Uros 3A, 38, 3C and Figures TA-7E) but any number of
outlots may also be used as ilustrated in Figuras 6A-
6E. Only the cutlets 38, 36 are dlustrated from the axal
cross-sectional views prosenied. but of course B third
outlet 34 exisla for a three outiel example, but il is not
vishbile in the views of Figures 1WA-1TH or Figure 12.

Figura 11A shows that the branching sub 30 Is first
connectad to tha lower end of a parent casing 604 which
is corweyad through ntenmaciate casing 602 (if
prosent). Intermediate casing 502 lines the welbcra and
Is typically run through eurface casing 600. Surlace cas-
ing 600 and Intarmediate casing 602 are typically pro-
vidad 1o line the welbors. The parent casing 604 may
be hung trom intemmediate casing 602 or from the wel-
head at the surlace of the earth or on a production plat-
form.

The outiet members 36, 38 (34 not shown) ame in
the retractad position. Slot 160 andt nctch 162 876 pro-
vided in branching chamber 32 of branching sub 30 (see
Figurs 12) to cocperate with orienting device 212 and
tatching device 210 of orienting and latching sub 208 of
downhcle apparatus 200 (See Figure 9). When the par-
ont casing 604 Is set downhcis, the branching sub 30
may be ordentad by rotating the parent casing 604 or by
rotating ondy the branching sub 30 whare a swive! joinl
is installod (nol illustraled) =t the connection of the
branching sub 30 with the parent wall casing 604. The
orlenting process may be montored and controlled by
gyroecopic of inclinometer survey methods.

Description of Altsmative Embodiment of Figures 18A-
16F and 18A-19C

Figures 18A-18F lustrate concave deformation of
outlet members in a retracted state of a branching sub
according to an allemative ombodiment of the invention.
The outlets are shaped simitar 1o thal of a ruled surace
shell Concave deformation of retracted outlet mem-

bers, under certain circumstarces, provides advaniag- |

os for panicutar outlet arranjements, especially for
three of mora outiat nocal jons.

Figure 1BA iBustrates, in a radial cross section
through finss 18A of the branching chamber 1821, of the
branching aub 1850 of Figure 188, that the outiets have
a concave shape, Stiifening structurs 1800 Is provided
at the juncture of each outiot member 1881, 1842, 1861
with its neighbor. As a result, the area thal is capabie of

plastic deformation is reducad as the number of outiats

Increases. Providing e retracied shape of the outlet
members, as in Figures 18A and 188, aliows minimiza-
tion of the area to be defomed, and simultanaously re-
spacts the principle of deformation of a nuled surface
shall that afiows expansion by post-forming with a min-
Imum of snergy required. Figuro 18A filustratos an en-
velope 1810 of the overall diarmeter of the branching sub
1850 whan the outlsl membe-s 1881, 1842, 1851 are
rotractod. Tha arrow 1806 pcints 10 a circled area of
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structural reinlorcement. Arrow 1804 points to an arsa
of concave deformation of the outlets in branching
chamber 1821.

Figure 18C iflustrates the branching sub 1850 at a
longiudinal position at the junction of the outlet mem-
bors with a radial ¢ross saction through finas t8C of Fig-
ure 18B. Arrow 1810 points to the outer envelopa of the
branching sub in its retracted state. Figure 18D fllus-
\rates the branching sub 1850 near the end of the outiats
while in a retrected state. Arrow 1810 points to the outer
envelope ol branching sub 1850 in the retracted stale,
while arrows 1881°, 1842° and 1861" poirt 1o dashed Iine
outiines of the outist members 1881, 1842 and 1861,
respeciively, after axpansion.

Figures 1BE and 18F Kustrate the branching sub
1650 in an expanded state where Figure 18E Is a radial
cross section of through the outiet members at the and
of the outiet. Arrow 1810 points to the outer srwelope of
the branching sub 1850 when in a retracted state; aTow
1810 points to the outer envelope when the outiet mem-
bers 1881°, 1842" and 1881" have been expanded.

A proterred way of placing the outlet members
1881, 1842, 1851 irric the retracted state of Figures 18A-
18D ia to construct the sub with the geametry of Figure
18E and apply concave pliers along the vertical pan of
axds symmetry of the junction. Tha deformation is pro-
gressively greater and deeper elarting from the lop of
the outlet members (Figure 1BA) to the bottom of the
outlel members. The sntire juncilon of oullet members
1881, 1842, 1B61 t0 branching chamber 1521 prefera-
bly includes woiding of super plastic materials such as
nickel-basad afloys {Monal or Inconel, for example) in
the doformed areas and materials of higher yiok
strength In the non-defonmed part of the beanching sub.
Electron beam weiding is a preferred methad of welding.
the composite shell of the branching sub, becauss sleo-
tron beam wekiing minimizes weiding induced siresses
and allows Jolring of sections of diferent compositions
and thick walls with minimum loes of strength.

Figures 19A, 15B and 19C [lustrate a post-forming
100l 1926 similar to the post-forming tool of Figures 158°-
150 and 18 doecribed above. An actuator sonde {not
shown) supports the post-forming tool 1926 inctuding
actuaior 1910, push rod 1627, and forming rollers 1929,
Figure 15A shows an axial eection echemallc of the
post-orming 1ool 1926 operating in one outie momber
1881 of banching sub 1850 when It begina to axpand
such outletmembet. Figure 198 illustrates a similas axiat
soction where actuator 1910 has been stroked outward-
Iy to forco push nod 1927 and traveling forming head
1928 downward, with torming rollers 1929 expanding
outlet momber 1881 outwardly while simuftanoously
rounding i Figure 19C shows a vertical cross saction
through the branching sub 1850 with a traveiling forming
head 1928 in sach of the three outist members 16881,
1842, 1851. Forming rolters 1529 forca the concave por-
tion of outlet members 1881, 1842 and 1861 outwardly
while support rollers 1931 are supported against stiffen-
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mmmoo.mmwsapmarm
lacusﬁanllyluppottmtocmmfolbnngandnp-
port rollors 1931, Springs and bnkages (not Hlustrated)
ars provided among push beams 1939, forming rolirs
1929, and suppod rollers 1931 to insure that all moving
panamlmcibabppociﬂmnommowerﬂlmddi»
mwcdlapsummdmludmuandungm
ber 1821 (Figure 188) of the branching sub 1850.

In operation, tha traveling forming head 1928 of Fig-
wres 19A-19C follows a sequance of stops similar tothat
dascribed above With raspect to Figures 17A-17D. The
pnd-lonnhgtoollsaehconvuyodbymanadaﬁo-
line and s associated sonde with cable head, tolernstry
power suppiies and controls sub, hydraulic power uit,
and orienting ond latching sub, and is et 30 that he
actuator 1910 sosts above the top.of the junction of sl
mmteoo.m.mmr«mwam
comprising push beems 1933 carrying forming rolors
1929 and support rofers 1931, Is pushed downwardly
bypowwiwaduamwwsolhathoupmabndum
outlet member (s.g., 1881, 1842, 1861) beging at ts p
mdwhomloxhlrommomand\wummberlaﬂaﬂ
continues to the lower end of each outiet member. This
saquencobrepoaiedmmmepmporchcularmaplk
achioved.

. Figure 118 Hiustrales the forming step descriwd
abova with forming heads 122. 126 shown forming out-
Jot mombaors 38, 36 with hydrauiic fiuid being providsd
by telascopic links 180 from hydraulic power unit 206
and fixed traveling head 213. The outlat members 36,
28 are rounded 1o maximize the diameter of the branch

]
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tor a forming 5equence has been perfomed, the pres-
sura is rolaased from the pistons, and the mlsscopic
nks 180 lower the forming pads dowe by one stap.
Then the pressure is ralsed again and 30 on untl the
torming step is complated with the outit mevnbers cir-
cutarized. Alter the outlet members are expandad, the
downhole forming apparatus 200 is reroved from the
parent casing 504.

Figures 11C and 14D ilusirate the cemanting steps
for connecting the pareni casing 604 arc the branching
sub 30 into tha well. Plugs or packers BI) are installed
nto the outlet mambers 36, 38. The protaTedway 0 sot
hepmknnsmhwhhumuuuomadmg-mzm
voyed-wbyoam'mwhgmuawiadlubhg
fnot likustrated). A mukiple head stingerinchades mutt-
ple heads each equipped with a cemerting Slow shoe.
The stinger 802 ia latched and orientod is the branching
chamber 32 of branching sub 30 in a manner similar o
that doscribec above with respect to Fure T1B. As i
tustrated In Figure 11D, cement 900 s itjected via the
wmnthgdrhgmmmopmmmn.mmmh
flating the packers 800 fiows througt carwentional
check valves {not shown) it the annulis outtside par-
ant casing 604, including the bottomn branching saction
1000. Next, the cementing sting 804 is pulled out of the
hole aftes isconnacting and leaving packers 800 In
place as shown in Figure t1E.

As shown In Figure 11F, individual tranch wells (o.
g 801) aro seloctively drilled using any witable drilling
tachniquo. Alter a branch well has beat drilled, a iner
msumuw,mwoawhmumu

wels and to cooperats by fitting with liner hangers or
pnckonhmulepodmbedbobmmtonnhgmp
dFlgwoﬂBalsoMmﬂnwﬁotmmMﬁ.
mwmummmm»mwmu
Wmﬁm-wdmmumbmx.:ﬂdh
MMEanmmaudmubm-
m:udlumanmaoostoa!.mbhpswldouubsnn-
tial plastic delormation combined with high sirengtren-
hg.coldio'mhg(phﬂicdoim!th)oIanickslaloy
sweel, such as ‘Inconal’, thus increases tha veld
nrmghoﬂhbaunnmrialdmmmmdma
mwmmmazmhmmmmmas,
28, The outlet members are formed into a final subean-
mlydwmmalmedbnbyplaubdoim

As described above, I Is preferred undes most con-
ditions to convey and control the downhole forrming ap-
WMWdemnO,MW\dmmh
conditions, 6.9., under-balanced weibore conditions,
(orhahiwydevh!odothorhmmlmumeoneom
eq:bpedwlﬂlawltelhomympheomwhom
As iistrated in Figure 118 and doscribod above, the
downhols forming apparatus 200 is oriented, sel and
tocksd into the branching sub 30. Laiching device 210
enaps into notch 162 as shown In Figure 11B (so0 aiso
Figure 12). Hydrauflc pressure generated by hydraulic
pwumlzosbnpp!lwtopmhlamhghem
122, 126 that ars supported by telescopic links 180 Ak

1

ber, 36 for wie, with a cornentianzl casing
wmmmmamumwm(s.e
Flgum"GmdllH).Thohumayb-Med (as
flustrated in Figure 11G) or R may be retrieveble de-
mmumahmmmuw

_a second bmnch wefll BOB may be dritixd as Fusirated

in Figure 11H.

Figuro 12 iflusirates complstion o branch wolts
frunabrmd\hguubdnmdodnpa-am-anhavhg
parent casing 604 run through intermeciate casing 602
and surfacs casing 600 from welihea: 510. As men-
tiored ebove, parent casing 504 may b hung from in-
tenmediate casing 602 rather than from velhend 610 as
Tlustrated. The preferred method of conpleting the well
is 10 connect the branch wells 801, BBt & Cownholo
manifold 612 sat In the branching chamiar 32above the
Junction of the branch wells 801, BO0S. The downhole
manifoki 812 Is orisnlad and latched in tranchiing cham-
ber 32 in a manner similar to that of the Jowniholo form-
ng tool as lustrated in Figures BA, 63 and 11B. The
downhole manifokd 512 allows for contral of the produc-
tbndoachrespecﬂvobmwhwelnmpmibsluw
wm:.mamummem.n-ums
or maintenancs squipment which may be conveyed
mmmmmmemmmm.

in case of remedial work in the parent casing 604,
Iho downhole manifold 812 can isolate the paent well
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from the branch welis BOt, BOS by plugging the outlet of
the downhols manilold 612 This is done by conveying
npaclmrmrwg\produqmmhgm.munml
in the outlet ol downhole manitold 612 before discon-
necting and removing the production tubing 820. Valves
controfiable from tha surface and testing equipment can
also be placed in the downhele squipment. The down-
hole mantiokd 612 can aiso be connected to mukiple
completion tubing such that aach branch weli 601, 808
can be independently connaciod to the surlace well-
The use of a branching sub lor branch well forma-
tion, as described above, for a triple branch well config-
uralion, aliows the use of dramatically smaller parent
casing s comparned o that required In the prior art ar-
rangemont of Figures 1A and 18 The relationships be-
tweon the branching sub diametes Ds, the maximurm sx-
pandex outiet diameter Do, and the maximum dlameter
of a conventional axial branch 0, for a two outlet case
s shown in Figurs 13A, and for a Bwes outlst case in
Figure 138, The same kind of analysis applias for other
multiple outiat arrangements. In comparison to an
oquivalent axial branching that could be made of finers
packod at the end of the parent casing, the branching
woll methods and apparatus of the present invantion ak
low & gain in branch cross-sectional area ranging from
20 lo B0 poarcent.

Figures 14A-14D Hlustrate various uses of twonode

branch well configurations according to the invention. -

Figures 14A and 14B iustrata a branching sub at anode
according to the invention. Figure 14C illustrales how
branch wealls may be used 10 ¢rain a single strata of res-
ervoir 1100, while Figure 14D iliustatos tha uss of a sin-
gis node by which multiple branch wells are diracted to
ditferent target zones 1120, 1140, 1160. Any branch well
may be treated as a single wel for any Intervention,
plugging, or abandonment, separate from the other
wolls. .

Deacription of Ntamnﬁ;re Embociment of a Branching
Sub According to the Invention

n)mmdnmmwg&w

Figuras 20A and 208 thow an ahamativa embocl-
ment 3000 of the invention of a beanching sub. Figure
20A shows an axterior view of the branching sub 3000
including a housing 3002 having tweaded onds 3004,
3006, The branching sub 3000 of Figures 2CA, 20B is
illustrated in an expanded or post-formed state. The
branching sub 3000 inclidas a main pipe 3010 which
delines a foad through channal 3011 (see Figure 208}
and at jeast one tateral branching outiet 2012 which da-
fines a fateral channol 3013 (see Figure 208). A branch-
ing chamber 3008 is dafined between the top channel
3007 and the {ood through channol 3011 and iatera!
channel 3013, A bottom hole assembly (BHA) deflecting
aroa 3015 soparates main pipe 3010 from lateral

branching outiet 3012

In & ratractad atats, the branching sub 3000 may be
placed in sories with sections of well casing and posi-
tioned in a boreholo with the running of the casing string
into the borehole. After placemsant in the borehols, tho
housing of the branching sub 3000 Is post-formed so
that both the feed through channel 3011 and tha lateral
channel 9013 {or multiple branching outlats) are shaped
10 & final goometry which increases raslstance to pres-
sure and which maximizes the drift diameter of the lat-
el channel 3013 and the teed through channal J011.
Lengitudinat ribs 3018 provide strength o the housing
3002 of the beanching sub 3000. Longhudinal rib 3018
axtenda the entire axial length of the branching sub 3000
and s imogre) with the BHA doflecting area 3015 fora
distance from the bollomn threadod snd 3006 of the
branching sub 3000 %0 tha branching chamber 3008,

Figures 21A-210 schematically #ustmte the
branching sub 3000 in Its retractad state (see Figures
21A, 21B) and I its expandad stats (see Figures 21C,
21D). In the retracted state shown in Figures 21A, 21B,
tha main pipo 3010 and the branching cutlet 3012 have
been prefabricated sc that the maximum outer diameter
D of the branching sub 3000 is not greater than tha lop
threaded end 3004 or bettom threaded end 3008, Figure
218, taken along section ine 21B of Figure 21A, flus-
trates the oblong shape of the feed through channel
3011 of main pipe 3010 and of the lsleral channel 3013
of lateral branching outiet 3012 In the reiracted state,
branching sub 3000 can bs placad between sections of
boreholas casing and run into an opan borehola to a so-

lacted depth.

12

Figures 21C and 210 schematically ilustrats the
branching sub 3000 after & has had its feed through
channel 3011 oxpanced and is lateralchannal 3013 ax-
panded. Tha maximum dlamatss In the expandad atate,
performed downhole, at section Ene 21D is D’ as com-
pared to the diametor D of the top and bottom threaded
onds 3004, 3006 of the branching sub 3000. Figure 21D
fHhsatratoa that the main pipe 3010 and the Materal
branching outlet 3012 rot onty have baen expandod out-
wardly from their retracted state of Figures 21A, 218,
but that they have been substantially circularized. Thus,
In Figure 21D, feed tivough channel 3011 and Lateral
channel 3013 are characiarized by subetantially circutar
Intemal diamaters.

Tha downhole post-forming method and apparatus
Niustrated and described abwove by reference to Figurea
7A-TE, 8A, 8B, 9 and 10 ars used to axpand the jeed
through channel 3011 end the latera) channel 3013,

The construction of branching sub 3000 Is based on
the combinalion of matarial and geomotrical properiies
of tha BHA deflecting 2rea 3015, Tha material s spocil-
ically seloctod and Ueatad 1o aflow a large rate of dofor-
malion without cracks. The geametry of the wall s such
thal both its combined thicknoss and shape ensure a
continuous and progressive rate of deformation during
the expansion. Tho plastic delormation incroases the
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yiold strength by cold work affoct and honce gives the
Joint an acceptable strength that is required to suppon
the pressure and liner hanging forces. Figure 22 shows
that the yield sirength after expansion incroasea with the
rate of deformation of the outlets. A preferred materiel
for usa in the post-forming areas i a fine grain nomal-
ized cabon steel or an sustenilic manganese alioyed
steol that reacts favorably to cold working. A prafared
construction mothod s ta manufacture differont specific
components in order 10 optimize the material and form-
Ing process of aach particular part. In a final stage, the
companens are wekded together sc thal the housing
3002 bacomas one singla continuous structural shell

&) Description of Use of Alternstive Branching Sub

Figure 23 schomatically Tiustrates the uss of the &
lemative branching sub 3000 as described above. A
prefemed usa of the branching sub 3000 Is for providing
multiple branches In a parent well Such multipe
branchea may improve the dminage of a subterranoan
forrnation.

Bafore the invention of tha branching sub 3000 of
Figures 20A, 208 and 21A-21D, connection of a lteral
branch 1o a parent wel has gonerally made uss of an
arrangement of several paris with ssaling of the branch

" wollto the pareni well with rubber, resin of cament. Such
joints require a complex method of installation and
prosant a risk of hydrausic isolation (ailure after several
prossure cycles in the well.

The branching sub 3000 according 10 the nvention
aliowa for providing multiple branches from a parent
casing with no sealing joint, but with conventional finar
hanging packers and casing jointa. The geomnetry of the
housing 3002 of the branching sub 3000 aflows the pres-
sure rating of the sub and the size of the branch to be
maximized with regard to the paren! casing size. Figure
23 shows an examplaof the usa of a branching sub 3000
whero. after expansion downhale, branch wells 3014
ars provided (o separate parts of the earth’'s crust by
means of lateral channels 3013. The branch wells 307 4
can be used for axtraction, storage or injection of various
fiukds such a3 mono or poly-phasic fuids of hydrocarton
products, sleam or water.

€) Description of Deflaction Apparatus and Procedures

Figure 24 ilustrales how a driing tool 3030 can be -

guided or deflacted from main pipe 3010 into lateral
branching outlet 3012 after the branctiing sub 3000 has
been expanded downhole. A deflocting tool 3038 is set
in main pipe 3010 by means of clements which cooper-
ala with the positioning groove 3040 and oronting cam
and siol 3042 iiustrated schematically.

Savernl lateral branching subs can be stacked n
tandern at a location in tho well or ot soveral places
along the casing string in order to provide optimal com-
munication with various formations trom the parent well.

10

z
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Figura 25 illustrates two branching subs 3000 according
to the altemative embodiment of the invention which are
connected In tandam in a casing string 3300. Where two
or more branching subs 3000 are connactadina casing
string 3300, each sub can be orionted with he sama o
a different face ange for the lateral branches. As a con-
saquence, different angular orientations from the parent
well may be provided 10 reach a large voluma of subler-
ranean formations with different lateral branches. The
casing string 3300 may be oriented verticahy or horizon-
tally, or it may ba lilted; but the lateral branches may in
any case extend laterally from tha parert casing Al-
though departing at a nammow angle from the casing
string 3300, lateral borsholes from the katexal cutiets of
branching suba 3000 can be directionally deifled 0.8 vor-
tical, deviated or horizontal orientation.

Figures 26A and 268 Hlustrale a drillables cap 3400
weided about the opening of laleral branching outiet
3012 In s retracted and expanded condidions, reepac-
fivaly. When conveying the casing siring into the bore-
hole, the cap 3400 lsciates the lateml chasnnsl 3013 trom
the borehole and mainlaing a diflerontial pressure
across the casing wall which may be requind control
the borehole pressure when casing is cormeyod down-
hole. Whon the lateral branch is to be drilled, a drilling
100! bores through cap 3400 and into a formetionto form
a lateral branch.

d) Description of Advantages and Features of
Alternative Branching Sub

As mentioned above, A single branching sub 3000
¢an bs provided with mors than one lateral outist. Such
multiple outlsts can ba coplanes with each ciher or non-
coplanar. A single branching sub; 3000 can be connoct-
od in tandem with ana or mose other branching subs
3000 either at s top and o i3 bottom encl. A branching
sub 3000 can be provided with a foot at s Iower end in
a simllar manner to foot 172 of Figure BA.

A lateral branching outlet 3012 of Figure 208 may
support a liner hanging packer which holds a liner con-
nected © the housing 3002 in order 1 isolate the
branching chamber 3008 from the borshols. Appropri-
alo groovas at the top of the lateral branching outlet
m12nuybopruﬂdadlo.ocummohuhatwmd
pravent the Enar rom accidentaly moving o of the out-
lot during tho Enor setting operation or ko Akesnatlve-
I, the intedor wall of th~ lateral branching outiet 3012
can be provided without grooves.

The laterat branching outiet 3012 can betorminated -

.with a rsmp that guides the drilling bR when stariing the
diitling of the kataral borshole. Such ramp can prevent
the driling bit from acckdantally drilling back toward the
main pipe 3010.

Other structures may be provided inside the
‘branching chambes 3008 such a3 a guidancs amp, $6C-
ondary poskioning groove, or the ke to validate con-
vaequwanMeleedmrmghd\aw
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3011 or toward a specific latoral channel 3013. The
branching chamber 3008, or the lateral branching outlet
3012, or the maln pipe 3010, can be provided with tem-
porary of psmmanant flow control devicas such as
valves, chokes, or temporary or permanent recording
aquipment with tamperature, pressure or seismic sen-
sors, lor example. Tha branching chamber 3008 can al-
0 bo provided with a production lubing interface with a
flow connocter, or a flow diverter, of an isolating packer.
A lateral branching outist 3012 can also be provided with
an aniclal iiing device such as a pump, gas influx in-
jectors, and tha Eke.

As an altemative to the appamtus and lechniques
of Figures 7-10 for axpanding the main ppe 3010 and
the latara! branching outiet 3012, an inflatable packer
may be placed on the Inside wall of the main pipe 3010
or the lateral branching outlat 3012 wherety the axpan-
sion forca of the packsr is usad lo expand the pipes by
plastic deformation,

Varlous modifications and aterations In the de-
scribed methods and apparatus will be apparont 10
those skilled in the an of the foregoing descriplion which
do not depart from the spirit of the invention. For this
reason, such changes are desired to be included within
the seopa of the appended clalma which include the only
fimitations 10 the present Invention. The descriplive
mannes which s employed for sstiing forth tha embod-
iments should be intorpreted as dlustrative but not limi-
tative,

Claims

1. AmuRiple branching sub designed and arranged for
deployment in a borehole comprising:

a branching chamber having an cpon first and
of cylindrical shape and a second end, said
branching chamber designed and arranged for
saaiad connaction at saki first end to casing in
a borehols; and

muRiple branching cutlet mombers, each of
which b integrally connected 10 said second
ond of said branching chambar, each of said
multiple branching outiet members being in flu-
i communication with sald branching cham-
ber, sakt sub characterizod by:

& retractod poskion for insertion knio a borehole
in which each of said multiple outlel members
Is substantially totally within an imaginary cyk
Inder which fs coendal with and of substantialy
the same radius as said first end of said branch-
ing chamber; and

an axpanded position in which at least ons of
saikdmuttiplo outiet moambers axiends from salkd
branching chamber in a path outwardly of sald
imaginary cylinder; and
whareln said branching outlet members, when

15
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in said retracted position, are characterized by
an cuter curved shape when a radial cross-sec-
tion of said branching outlet members Is viowed
from outside said imaginary cylinder.

2. The sub of claim 1 wharein said branching outlat
members, when in said retracted position, are char-
acterized by an ovler convex or concave shape
when a radial cross-saction of sakd branching outiot
mombars is viewed from outsice said imaginary cyl-
inder.

3. The sub ol claim 1 wherein said outlet members ars
designed and arranged such that in said expanded
posltion, aach of aait multiple outiat members ex-
tends in an arcuzato path from said beanching cham-
ber outwardly of said imaginary cylinder.

4. The sub of claim 1 wherein said multiple outlet
menbers in sald expanded position are charactar-
ized by a substantially circutar adial cross-section-
e shape.

5. The sub of claim 1 wherain saxd muftiple branching
outlst members are lormad of a matarial which may
be plastically deformed by cold forrning.

8. The sub of clalm 5 wherein sad material is an al-
loyed steal with austenitic structusa.

7. Tha sub of claim 6 wherein said material is a nicke!
alloy.

8, The sub of claim 1 wherein each of said multiple
branching outiet members is of substantially the
same radial cross-sactional area.

6. The sub ol ciaim 1 wherein at least one of sald muk
tiple branching outist members is charactarized by
a radial cross-sectional area which is groater than
at least one other of sald multivle branching outlet
members.

10. The sub of claim 1 further comprising a lag rmoamber
cariad substantially axially downwardly from said
socond ond of sald branching chamber; and a foot
dispcead at a distal end of said log.

11. The subof clalm 1 wherain a central support region
is definad at sald second end of said branching
chamber batween Intsgral connections of said mul-
tiple branching outist members to said second end,
and turther comprising:

an extension lag carried from said central sup-
port region which extends axially beyond said
multiple branching outlel members; and
afoot disposed at a distal end of sald log.
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12 A branching sub designed and arranged for deploy-

..

maem in a borahole comprising:

an intogral housing having a top end and a bot-
tom end and which defines a branching cham-
ber, a main pipe, and a branching outiel, with
said main pipe and said branching outlet sach
being longitudinally below said branching
chamber and each being In fluid communica-
tion with said branching chamber,

said 1op and of said housing being above sald
branching chamber and being adapted for con-
nection to borehole casing, and whorein sakt
wop end is characterized by a connection diam-
atsr,

«aid branching sub chamacterized by a rotracted
state for insartion Into a8 borahoie in which the
largast diameter of said housing at any position
along s longludinal length is no greeter than
sakd connection diameter; and :

an expanded state in which sald branching out-
e exionds outwardly from eaid branching
chamber with a diameter of sald housing in said
axpandad state being greatsr than sakd con-
nection dlametor.

The branching sub of claim 12 whereln said main
sipe has an end which defines said botton end of
said housing and which extends longitudinally be-
ow an and of said branching outlat,

14, The branching sub of ctaim 12 wherain said main

pipe has threads provided at said bottom end lor
cormection to borshole casing below,

15. The branching sub of claim 14 where In the retract-

o s331e sald main pipe is characterized by a circular
nside radial section shape at said botiom end and
3y a non-circular ingide radial saction shape &l a
ongitudina) position below sald branching chamber
and above saidbottom end, and said branching out-
ot is characterized by a non-circular inside radial
saction shape a1 a longitudinal position below sald
aranching chamber. .

16 Ths branching sub of claim 15 whors In the axpand-

17.

od stato said branching chamber and sald man
pipe are charactorizod by a substantially constant
first ciameter of a circutar inside radial shape from
said top end tosaid bottom end, and sakd branching
outist is characterized by a substantially constant
sacond diameter ol a circular inside radial shape
from said branching outist end to sald branching
chambor.

The branching sub of claim 13 further comprising a
first longttudinal rib which Is integral wih sald hous-
_ng and which extends {rom said bottom end 1o said

1§

15

top end in a path along the exterior of said housing.

18. The branching sub of claim 17 further comprising a

second longitudinal rib, spaced peripherally from
said first longitudinal rib which extends from sald
botiom and to said top end in a path along the ex-
terlor of sald housing.

19. The branching sub of claim 18 tusther comprising &

deflecting structure which separates said main pipe
from said branching outlsl from said branching
chamber longitudinally downward to said end of
said branching outlst.

20. The branching sub of claim 18 further comprising a

driflable cap secursd to said end of said branching
outiet.

e an

i
i
i
H
i
}

RH PRI SRR SRS P

5 ey

[ Y

DS S

Sleartanatlos sl

IR

ity

=



FIG. 1A
PRIOR ART

EPO0B23534 A1

“ F16.18
PRIOR ART

26

22

TARGET 3

TARGET 2

41
(-4 e,
.\'!_‘ ::"
1
] ;l
A4a-20
o N
v I 26
- of JE 24
- 3
el [k
| TARGET1
§
el
i
iyt

FIG. 2prioR ART

16

N IR TE RO AL AR L P D

ENTALCIETR



Dst=Ds2-=Dc¢/D0=1.35
§c/50=1.82

Fl6. 3B

EP 00823 534 A1

17

P et tE



EP0B23534 A1

31
32

A e
7

R e R L Bt et s O P ITPEVRRS

gvu

FIG. 4

18



FIG. 5A

EPOBISM A

FIG.5B 321

19



EP 0823534 A}

241
34

322 3

38
242

F1G. 6B
361

FIG. 6A

32]
FIG. 6¢

341
381 '

442 441 542 541

522
422A 545

443 445 543 544

FIG. 6D FIG. 6E

20

N T, e T




EP 0823 53 At

F16. 7A

21



B e e A ae gk e g pom e g e o 4 e e

32914
22l

gl N ; - e2l
821 8¢
22l 9¢ acl

8¢ ._. 05l osLe

bel’ ¢zl

al94

EP 0 B23 534 A1

g2l

¢el
[4%

T T I sy e gy

YRCTE

L2l

92l

be R 4%

vmpnm_

a2 914

Lal
921

bel
oSl Get

g

22

= e %, At e ey



B VU SO IS

EP 0823534 A1

/30

32
L ~162

T L o

[==]
[~}
]

]

A

—

rgvvwwww//////////!
M

L/

160

]
T
[we]
[+

150

e s eeayera AR e Tt g

170

172

FIG. 8A

160

Fi6. 88

2



()

+ 100

EP 0823 534 A1
DOWNHOLE 1 UPHOLE
~ 10 K ]
202 (\I{\ 10
200 CABCE HEAD O
( TELEMETRY
2043 | POWER SUPPLIES
CONTROLS 106
206+] HYoRAuLIC
& POWERUNIT "{'
Tl oRiENTING ‘ TELENETRY
210‘{ AND LATCHING suB | T- 272 POWER SUPPLIES
2134 rixep COMPUTERIZED
] ,80? TRAVELING HEAD {wo' CONTROLUNIT
T R T t102?
MK )
_OPERATOR
TELESCOPIC| |TELESCOPIC
LINK LINK
l2§ 122
TTRAVELING TRAVELING HH—123
FORNING FORMING
L HEAD HEAD
UONITORING MONITORING
127| HEAD , HEAD
186 - 1827
Fi6.9

24

R

4 dawaaimens o8l g

L R R TT L TUp P Eh gy



()




e ee s ety e o g

EP 0823534 AY

© wmmm S
\ o /« SN
S s | B
~ - A\
ST S
S == L =]
— 7\ i
7@x» “ 7

T A v 4N S 4D &% i=

604, 602 600

W Lt Ll ta v

FIG. 11D

FIG. 11C

26



EP 0823534 A1

FIG. 1H

Fi6.116

27



EP 0823534 A1

610

o O o
® © S 8206
J N
NN N N NN N
AL A,
YA A S S 4 /
72\
/4
(=]
—
[2Y)

32

O o ot e Y

806
38

160

212
806
36

801

808

805

P L LT DL SV SN

810

28

FiG.12



EP 0823 5)4 A1

Do

C=TlxDs/2 +Ds
Dc = Ds/2 Ds D¢
Do=C/M=Ds/2 +Ds/T

FIG.13A

C=TUx Ds/3+Ds Ds
De=3Ds/{3+2/3)
Do=C/TC=Ds/3+Ds/IT

FI6.138

29



EP 0B23 534 A1l

FIG. 14A

WELLHEAD WELLHEAD

PARENT———
WELL

NODE

FIG.14B.
WELLHEAD
PARENT WELL
PRIMARY NODE
PRIMARY BRANCH
SECONDARY NODE
ECONDARY BRANCHES

WELLHEAD —_
PARENT WELL
PRIMARY NODE

100

FIG. 14C

PRIMARY BRANCH

20
FIG. 14D “—2"40

30



1562

EP 0 823 534 A1

1550
1560

)

F1G6.158

N_A550

" \—1560

F1G.15D

ka

PR

R G T PPLE P~ 71 e s RIS I



EP 0623534 At

2



EP 08235634 A1

1512

@/1512

e

o e e PR P AR

1562

FIG. 178

FIG.17A

N

33

R T I P P T T



EP 0 823534 A1

R e e e e s e e

. o 9
o T aNy
o o @ N R
o 2 ® e O 2
p— — ud -
ud x| T2 —
7 g
T yefpepr——— . 50
- - Il'll\'
l'l'.l,"ll-
Sleye
— - :
L
- o
w0
)
—
{

FIG.17D

FIG.17C



W

EPOB23534 A1

FIG. 18A

s



EP 0 823 534 A1

1821

S S T T —————

— e

FIG. 18F

FIG. 18B

Je



EP 0823 534 Al

FIG.18C

7



EP 0823534 A1




(s

EP 0823534 A1

FIG. 18E



T e me e e vges e e pyee vev—g_

" EP0B82353 A1

1800

N

FIG.19A

F1G.198

A e b



J

EP 0823534 A1

FIG.19C

L))

L E P TIN DU TRICICIRPCRTO



(

3002

302

FIG.20A

3018

3010

EP 0823 534 A1

42

FIG.208B

AEIE R ISR SR KT TR PR YT JSUORE U S



- EP 0 823 634 A1

3099_ 3004

3002 ¥ |
/' 08
3084 ; ]
3012, ||
218 218
3015 ' B0

L




=

(L]

-

(YY)

[+

&

. o
4 P

; Led

g g__! >

e’
X

>

EP 0823534 A1

RATE OF DEFORMATION

A: YIELD STRENGTH BEFORE DEFORMATION
8: YIELD STRENGTH AFTER DEFORMATION

FIG.22

T N S SV,



EP 0 823 534 A1

I

1 & 303
FIG.\ZSA{{
.

3ou

ARARAALLALRRR NG

BRI

- IAILTLHEVBHAAVRNGNG

oM~ 308

SARN AL LA 7,

ST
TR

N \\\\\\\\\\\\\\\\‘&\\\:
N
23 NSy

N
FIG.2 R
N BN e

ARy . R
RIS N W
T ROEERRNIN RTINS

7

3002

3013

3on

FI6.23A

S S TR SO L R

0 S,

STRRT IS N

e Al b

PrErn



eh EAT AT e m e e ey s s e -t

EP 0 823 534 A1

Cr e e T T e

3010

3012

S L LT,

3042

FIG. 24



)

-
{
re .

EP0B23534 A1

47



-,

EP 0823534 A1

Eurcpesn Patent Appiicaten Mumber
EUROPEAN SEARCH REPORT
0)» Oftice EP 97 30 5768

DOCUMENTS CONSIDERED YO BE RELEVANT

A EP 0 525 991 A (COEY EV AL.)

e Caation of wih ivhoulicn, where approp fslevars | cLASIMCATION OF et
v of relovent passages o clawn APPLICATION {M.CLE)
A US 2 397 870 A (ZUBLIN) 1,12 E21B7/86
* page 2, colum 2, Vine 55 - page 3, E21B43/30

colum 1, Vine 26; figures *

-

P, X |FR 2 737 534 A (LEIGHTON ET AL.} 1,12
* claims; figures *

PO FORM 138) D53 POsCaT)

GEARCHMED ML)
E21B
The prasent seirch repert ha been drisent up k' of deive
Plow o neamis etk o iemphutiaes of s Sl [
THE HAGUE 28 October 1997 Deutsch, J.-P.
OF CITED 1 ] 1 : thoery o wnciariying e swaliah
X : pavimviarty mbieart § Whung sdnid ‘::h i i i
¥ pariimdarty rolvwintt 1 opmhined vih anear o;....?'-’...-...-.—
daraadvai of s naans sitingary L : dessrant slod bur ather resmans
A: nehnsinginnl hashgmand s orms et i AT St St Y i 9kt vt A
O wen-uriins dushumes & : e of T angns padurd funlly, tariourerling
P ; inurmediat densnert dnvurnmrt
419

F P TN

T T R

oy



	2002-05-21 Foreign Reference

